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Introduction

Cont inuous collect ion of  global sat ellit e imagery over t he 

years has cont ribut ed t o t he creat ion of  a long dat a record 

f rom AVHRR, MODIS, SPOT-VGT, and ot her sensors. 

Current ly, t hese records span more t han t hree decades of  

eart h observing, and are crit ical t o underst anding Eart h 

Syst em processes, t o assessing change and long t erm 

t rends, provide input  and validat ion means t o modeling 

ef fort s, and support  policy decisions and operat ional 

services.

Whereas, for most  at mospheric research t hese records are 

ideal as is, for st udies dealing wit h Eart h surface processes 

t hey are ext remely challenging t o work wit h. The presence 

of  clouds, aerosols, spat ial gaps, variable viewing condit ions,  

less t han consist ent  at mosphere correct ion, and ot her dat a 

processing issues, makes it  dif f icult  t o obt ain t he necessary 

high qualit y dat a everywhere and every t ime.  Furt hermore, 

t hese issues change by locat ion and t ime, making it  ever 

more dif f icult  t o work wit h t hese dat a.

Object ives

One of  t he st at ed goals of  NASA Making Eart h Science Dat a 

Records for Use in Research Environment s  (MEaSUREs) 

program is t he support  of  t he Eart h Science research 

communit y by providing reliable Eart h Science Dat a Records 

(ESDR). These product s are expect ed not  only t o be of  high 

qualit y but  should also combine dat a f rom mult iple sources 

t o form t he long and coherent  measurement s required for 

st udying climat e change impact  on t he Eart h syst em.

To address t he f irst  goal of  providing reliable dat a, it  is 

imperat ive t o accurat ely underst and and quant ify t he 

ext ent  of  t he dat a qualit y, bot h in t ime and in space.  

Accurat e charact erizat ion of  t he dat a qualit y is a 

prerequisit e t o combining t he mult i-sensor records.  Wit h 

t hat  in mind, t he object ives of  t his research, were:

•To assess t he global AVHRR and MODIS daily records 

dat a qualit y

•To creat e spat ial and t emporal dat a qualit y probabilit y 

maps

•To analyze t his informat ion in order t o enable t he 

accurat e dat a fusion across mult iple sensors
Data and Methodology

We used t he daily global 0 .05 o resolut ion Advanced Very 

High Resolut ion Radiomet er (AVHRR) surface ref lect ance 

f rom 1981 t o 1999 and t he daily Terra (st art ing March 

2000)  MODerat e Resolut ion Imaging Spect roradiomet er 

(MODIS)  surface. Bot h records provide daily dat a surface 

ref lect ance and qualit y informat ion about  clouds, part ial 

clouds, shadow, presence of  ice and snow, addit ionally 

MODIS provides informat ion about  aerosols. 

We ext ract ed and analyzed t his per pixel qualit y informat ion, 

and furt her st rat if ied t his analysis per season, land cover 

t ype, and geographic locat ion.  A measure of  dat a reliabilit y 

modeled af t er t he MODIS Veget at ion Index Collect ion 5 

Algorit hm (Didan & Huet e, 2002)  was generat ed for bot h 

dat a records.  This dat a reliabilit y measure is useful in 

guiding t he dat a cont inuit y object ives of  t his overall project .  

In doing so we also ident if ied opport unit ies for furt her work 

on t hese dat a records.

Results and Discussions

This analysis support s t hese observat ions:

• The MODIS dat a qualit y charact erizat ion is more t horough and 

accurat e, in part icular wit h cloud ident if icat ion.  The AVHRR 

cloud algorit hm (CLAVR, St owe  et  al., 1999)  t ends t o confuse 

snow/ ice, and/ or ot her bright  t arget s, wit h clouds leading t o 

excessive omissions and commissions.  The opport unit y here is 

t hat  a bet t er cloud and ice/ snow screening algorit hms are 

needed t o assist  wit h t he mult i-sensor cont inuit y research.

• The dat a qualit y over t he Rainforest  and Boreal forest , t wo 

crit ical biomes undergoing serious climat e driven change, are 

t he poorest , owing t o excessive cloud cover, aerosols and 

inef fect ive at mosphere correct ions.  The opport unit y here is 

t hat  longer mult i-sensor records and more robust  dat a analysis 

t echniques are needed in order t o make ef fect ive use of  t his 

dat a over t hese areas.

• The need for daily dat a t o support  accurat e Phenology and 

ot her land surface processes research may be unat t ainable, 

indicat ing once again t he need for robust  algorit hms and 

t echniques t o deal wit h t he result ing spat ial and t emporal gaps.

Conclusions

These observat ions suggest  t hat  research based on synopt ic 

remot e sensing is more challenging t han what  current  lit erat ure 

implies.  This is furt her complicat ed by t he lack of  cont inuit y across 

t hese various global imagers.  On t he opport unit y side, some ideas 

may help alleviat e t hese challenges:

• The creat ion of  consist ent  mult i-sensor dat a records assist ed 

by t his qualit y informat ion, t hus t he goals of  t his MEaSUREs’ 

project  (st art ed in August  2008)

• Geost at ionary plat forms may become an ef fect ive mean t o 

dealing wit h t he cloud problem

• The use of  dat a reliabilit y as a simple f irst  order mean t o 

separat e useful dat a in a record.

Acknowledgements: This work was supported  by NASA CA # NNX08AT05A  (K. Didan, P.I) 

Jan-Feb-Mar Apr-May-Jun Jul-Aug-Sep Oct-Nov-Dec

AVHRR  

Seasonal cloud 

frequency

AVHRR 

Seasonal good 

data yield

MODIS Seasonal  

cloud frequency

MODIS 

Seasonal good 

data yield

0% 25% 50% 75% 100%0% 25% 50% 75% 100%
0% 25% 50% 75% 100%

0% 25% 50% 75% 100%

References

Didan K., A.R. Huet e, 2002, “ The MODIS Veget at ion Index Product  

Suit e CDROM” , MODIS Veget at ion Workshop, Missoula, MT, July, 

2002.

St owe L., P. A. Davis and E. P. McCain, “ Scient if ic Basis and Init ial 

Evaluat ion of  t he CLAVR-1 Global Clear/ Cloud Classif icat ion Algorit hm  

for t he Advanced Very High Resolut ion Radiomet er” , J. At mos. Ocean 

Technol., vol. 16, pp. 656 -681, 1999.

0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

30-year combined AVHRR and MODIS  

average yearly good data yield.  This 

map reveals the ‘probability’ of finding 

useful synoptic land surface remote 

sensing data for any part icular 

locat ion on Earth for the last  30 years 

of Earth observing.   

The AVHRR data record (~20 yrs) , as 

opposed to the MODIS  shorter 

records (~10) , overwhelmed the 

reliability of the record.  Most  

vegetated biomes suffer from lack of 

good data , in part icular the high 

lat itudes and the tropics.

This data reliability map will guide our 

mult i-sensor cont inuity work as it  will  

both indicate the level of expected 

accuracy and ident ify the data to 

eliminate from these records.

Over the Tropics cloud conditions improve only during the seasons AMJ and JAS.  Cloud conditions over the boreal forest are almost always poor due to actual excessive 
cloudiness and the poor performance of the AVHRR cloud algorithm.  This translates to an overall  inadequate data reliability with AVHRR over those biomes. 

For MODIS, data is consistently cloudiest over the Tropics, and the cloud algorithm does a better job over the boreal forest. This again, translates to similar  data 
reliability challenges as with AVHRR  but less so over the boreal forest.
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Daily global surface reflectance illustrating the challenges of working with 
synoptic RS data (clouds and other issues).  RNBM denote MODIS blue band.

Desired global EVI2 map, showing vegetation at  its 

peak.  Going from the above problematic daily data 

to this high fidelity VI map is the task of this 

MEaSUREs project .

The two major biomes, Rain forest and Boreal 

forest , represent the bulk of global land surface 

vegetation yet  they are the areas most challenging 

to work with.
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